1
each Nicrophorus species differed between the two woods (species x woodland interaction: χ² 69 = 142.68, d.f. = 4, p < 0.001). N. vespilloides was by far the most abundant in each woodland, 70 comprising 80.6% (1510 individuals) of all Nicrophorus beetles trapped in Gamlingay Wood 71 and 93.9% (1695 individuals) of those trapped in Waresley Wood. Both sites also contained 72 stable populations of the largest species, N. humator ( Fig. 1b ; Supplementary Tables 1 and  73 Supplementary Tables 2). Only Gamlingay Wood contained populations of intermediate-74 sized N. interruptus and N. investigator in all four years of the study ( Fig. 1b ; Supplementary  75   Tables 1 and Supplementary Tables 2), and in significantly greater abundance in Waresley 76 Woods (Tukey HSD, z = 7.90, p < 0.001 and z = 5.80, p < 0.001, respectively). The 77
Nicrophorus guild is therefore significantly different between the two woodlands 78 (PERMANOVA (permutational multivariate analysis of variance) test F = 0.024, p < 0.001; 79 Supplementary Fig. 1b ). 80 81
No evidence for divergence in the small mammal population between Gamlingay and 82

Waresley Woods 83
We sampled the small mammal population in Gamlingay and Waresley Woods to estimate 84 the abundance and type of carrion that might be available to the burying beetles to breed 85 upon (see Methods). In Gamlingay, 32 animals were caught across 50 trap sessions (23 new 86 catches and 9 recaptures); in Waresley 41 animals were caught across 50 trap sessions (30 87 new catches and 11 recaptures). Across both woods, bank voles (Myodes glareolus; range: 88 15-40 g) and wood mice (Apodemus sylvaticus; range: 13-27 g) were the dominant species, 89 constituting 53% and 43% of all trapped mammals respectively. There was no difference in 90 the mean body mass of small mammals sampled between the two sites (χ² = 0.19, d.f. = 1, p = 91 0.661; Supplementary Fig. 2) . 92 93
The Gamlingay guild is 'ancestral', whereas the Waresley guild is derived 94
We conclude from these data that there are approximately similar numbers of Nicrophorus 95 beetles within each woodland competing for an approximately similar size, abundance and 96 type of rodent carrion to breed upon. The key difference lies in the number of burying beetle 97 species in each wood. 98
We further infer from the ecological data that the more speciose burying beetle guild in 99 Gamlingay Wood more closely approximates the ancestral burying beetle guild that was 100 present in the 'Wild Wood', whereas the guild in Waresley Wood represents a more recent, 101 derived condition. This is because burying beetle guilds in pristine ancient forests in North America are more speciose than those present in degraded woodlands 24 , in keeping with the 103 general observation that there is a positive relationship between habitat size and species 104 richness 25 . Furthermore, smaller-bodied generalist carrion beetles are more likely to survive 105 in fragmented forests 24 . 106 107
Niche expansion by N. vespilloides beetles in Waresley Wood 108
The ecological data additionally suggest that in Gamlingay Wood, N. vespilloides is more 109 likely to be confined to breeding only on smaller carrion. In general, larger Nicrophorus 110 species appear to be under selection to breed on larger carcasses 26, 27 , forcing smaller beetles 111 to breed on smaller carrion. Accordingly, N. vespilloides is more than twice as likely to be 112 found on small carcasses than on large carcasses in continental forests, which are rich in 113
Nicrophorus species 21 . In Waresley Wood, by contrast, N. vespilloides is more likely to breed 114 on larger carrion as well because it more rarely faces competition from N. interruptus and N. 115 By measuring reproductive performance in the laboratory, we determined the carrion 118 niche occupied by the following species, in decreasing order of size ( Fig. 1b) : N. investigator 119 (from Gamlingay Wood), N. interruptus (from Gamlingay Wood), and N. vespilloides beetles 120 (from both Gamlingay and Waresley Woods) (see Methods). For each species, we 121 experimentally varied the size of carrion available for reproduction, presenting pairs with 122 either a small mouse carcass (range: 12-20 g; mean ± S.E.M: 16.80 ± 0.55 g) or a large 123 mouse carcass (range: 25-31 g; mean ± S.E.M: 28.27 ± 0.53 g; natural carcass range = 8.5-41 124 g). To quantify reproductive performance on each carcass size, we measured 'carcass use 125 efficiency', calculated by dividing the total brood mass at the end of larval development 126 (measured when larvae had dispersed from the carcass) by the size of the carcass the brood 127 was reared on. We predicted that if there is local adaptation, N. investigator and N. 128 interruptus should each exhibit greatest efficiency when breeding on a large carcass, while N. 129 vespilloides from Gamlingay Wood should exhibit greatest efficiency when breeding on a 130 small carcass. N. vespilloides from Waresley Wood should be more efficient at breeding on a 131 large carcass than N. vespilloides from Gamlingay Wood. 132
We found that the efficiency of converting the carcass into larvae varied with carcass 133 size, but in a different way for each Nicrophorus species (carcass size x Nicrophorus species 134 interaction term: χ² = 28.85, d.f. = 3, p < 0.001; Fig. 2 and Supplementary Table 3 ). N. 135
investigator exhibited greater efficiency when breeding on large carcasses rather than on 6 small carcasses (t = 3.51, p < 0.001). N. interruptus was similarly efficient when breeding on 137 both large and small carcasses (t = 0.99, p = 0.325). These species are therefore adapted to 138 breed on larger carrion. In contrast, N. vespilloides from Gamlingay Wood exhibited greatest 139 reproductive efficiency on small carcasses (t = -4.16, p < 0.001). Waresley beetles were 140 similarly efficient to Gamlingay beetles when breeding on a small carcass (t = 0.58, p = 141 0.938) but were significantly more efficient at breeding on a large carcass than N. 142 vespilloides from Gamlingay Wood (t = -3.11, p = 0.011). We conclude that the population of 143 N. vespilloides in Waresley Wood has adaptively expanded its carrion niche to breed on 144 larger carcasses, in response to the loss of competition for larger carrion from N. interruptus 145 and N. investigator. 146 147
Niche expansion by Waresley N. vespilloides is due to divergent reaction norms 148
To test whether niche expansion by Waresley N. vespilloides was facilitated by genetic 149 accommodation, we generated reaction norms relating carcass size to clutch size for N. 150 vespilloides from the two woodland populations (see Methods). From the results in Fig. 2 , we 151 predicted that the reaction norm for Waresley N. vespilloides would be significantly steeper 152 than the reaction norm for Gamlingay N. vespilloides. In fact, we found that the reaction 153 norms differed in their intercept rather than in their slope ( Fig. 3a) . Although female N. 
Genetic accommodation is facilitated by plastic secondary culling of surplus offspring
When we related brood size (measured at the end of reproduction) to carcass size, we found 171 the predicted difference between Gamlingay and Waresley N. vespilloides in the slope of this 172 reaction norm (woodland x carcass size interaction: χ² = 4.80, d.f. = 1, p = 0.029; Fig. 4 ; 173 Supplementary Table 4 ). On a large carcass, Waresley N. vespilloides produced more larvae 174 than Gamlingay N. vespilloides (z = -1.97, p = 0.049), whereas on a small carcass the number 175 of larvae produced did not differ between the two populations (z = 0.76, p = 0.447). 176 Therefore Waresley N. vespilloides lays more eggs on a small carcass than Gamlingay N. 177
vespilloides, but there is plastic culling of surplus offspring after egg-laying, probably due to 178 partial filial cannibalism 23 . 179
In short, Waresley N. vespilloides has evolved the ability to lay extra eggs whatever the 180 size of the carcass it locates for reproduction. This brings fitness gains if the beetle locates a 181 large carcass and correspondingly increases the efficiency with it converts carrion into 182
offspring. Yet it brings fitness costs if the beetle instead finds a small carcass to breed upon, 183 because there is a pronounced trade-off between larval number and larval size 30 and small 184 larvae have markedly lower fitness 31 . However, with a secondary mechanism for dispensing 185 with excess young on smaller carcasses (probably filial cannibalism), these costs are 186 eliminated. We suggest that genetic accommodation of the reaction norm relating clutch size 187 to carrion has evolved and is adaptive only because there is an accompanying plastic 188 mechanism for correcting the over-production of offspring on a small carcass. The same 189 mechanism can also prevent costly excess fecundity if there is gene flow from Waresley to 190
Gamlingay. 191 192
Divergence at loci associated with oogenesis in N. vespilloides from Gamlingay v. Waresley 193
Woods 194
To be certain that differences in the elevation of the reaction norm were due to evolutionary 195 change, we sought evidence of associated genetic divergence. We generated low-coverage 196 whole genome sequences for 40 individuals collected from each wood (n = 80 chromosomes 197 per population). We found minimal divergence across the genome with no instances of 198 extreme outliers ( Supplementary Fig. 4 ), probably because the divergent traits are controlled 199 by many loci. This is typical for behavioural and life history traits and consistent with the 200 predicted quantitative genetic basis of genetic accommodation 6 . The highest Fst-windows in 201 the genome showed only modest absolute values of divergence. Nevertheless, they were 202 extreme outliers due to the otherwise consistently low pattern of Fst between populations (see 203 Methods). 204
By comparing differentiation between both woodlands and a third population from 205 300km away in Swansea, Wales, UK, we polarised the divergence between populations. We 206 calculated all pairwise Fst and assigned the relative divergence of each population using 207 population branch statistics (PBS) to understand which population was driving divergence 208 across the genome 32,33 . Not surprisingly, the distant Welsh population showed the highest 209 genome-wide PBS. We found that population from Waresley Wood showed higher 210 differentiation compared to the population from Gamlingay Wood (mean PBS: Waresley = 211 0.0074, Gamlingay = 0.0056, Wales = 0.0109). These analyses therefore support the 212 ecological data in indicating that the Gamlingay N. vespilloides represents the ancestral 213 condition, whereas the Waresley N. vespilloides are the derived population (Supplementary 214
Fig. 5). 215
To visualise the relative divergence between populations across the genome, we 216 generated a scatterplot of the PBS values for 2kb non-overlapping windows for each 217 population (Fig. 5a ). The analysis highlighted multiple potential candidate genes associated 218 with the differences in egg-laying behaviour, again consistent with this trait being controlled 219 by many loci of small effect. For example, homologs of three of the highly differentiated 220 genes in the Waresley Wood populationobg-like ATPase, transmembrane protein 214, and 221 liprin-alpha -show elevated expression in the ovaries of fruit flies 34 and other arthropods 35 , 222 suggesting a plausible role in regulating egg production. Another gene, kekkon1, is a 223 transmembrane protein known to regulate the activity of the epidermal growth factor receptor 224 (EGFR) during oogenesis in Drosophila 36,37 . 225 Finally, we asked whether genes involved in oogenesis generally showed elevated levels 226 of differentiation in each population, in comparison with the rest of the genome. For each 227 population, we ranked genes by the highest PBS score in 500bp windows overlapping with 228 the gene-body and conducted a gene set enrichment analysis for each population. N. 229 vespilloides from both Waresley and Gamlingay Woods showed enrichment in multiple GO 230 terms associated with ovaries and oogenesis (Table 1) . 231 232 Discussion 233
Our analyses support the three principle criteria required to show evidence for plasticity-first 234 evolution 6 . We show that the ancestral reaction norm linking carrion size to clutch size has 235 evolved to have a greater intercept in N. vespilloides from Waresley Wood. This change has 236 enabled Waresley N. vespilloides beetles to expand their carrion niche in the absence of rival 237 congenerics. It is adaptive because Waresley N. vespilloides are now more effective than Gamlingay N. vespilloides at converting carrion that ranges widely in size into offspring. 239
Whereas previous analyses of plasticity-first evolution in wild animal populations have 240 emphasised how new adaptations can evolve from the genetic assimilation of plastic traits 6-241 8,38 , our study is different in showing how adaptive traits in nature can also result from 242 genetic accommodation. 243 Importantly, plasticity not only precedes the evolution of new local adaptations but also 244 provides a secondary correcting mechanism that ameliorates the costs of expressing these 245 new adaptations in the wrong local environment. Indeed, the presence of a plastic secondary 246 correcting mechanism is key to explaining how there has been genetic accommodation of the 247 reaction norm in N. vespilloides from Waresley Woods, despite gene flow with N. 248 vespilloides from Gamlingay Woods. We have demonstrated that when evolution by genetic 249 accommodation in one trait is coupled with a second plastically expressed correcting 250 mechanism, then new adaptations can emerge rapidly and on an ultra-fine scale. We suggest 251 that whenever these two mechanisms operate together, in two related traits, there is immense 252 potential for rapid evolutionary change that is finely tuned to local environmental conditions. 253
254
Methods 255
The history of Gamlingay and Waresley Woods 256
We focused on two woodlands: Gamlingay Wood (Latitude: 52.15555°; Longitude: 257 −0.19286°), and Waresley Wood (Latitude: 52.17487°; Longitude: −0.17354°). They are 258 woodland islands of approximately the same size (c 50ha) in a landscape dominated by arable 259 farming ( Supplementary Fig. 1a ). In common with other woodlands recorded in the 260 
Competition for carrion in Gamlingay and Waresley Woods 267
Burying beetle trapping 268
Each year from 2014-2017 we set five beetle traps per woodland, at exactly the same five 269 locations within each wood ( Supplementary Fig. 1a of the guild structure between the woods can be seen for each sampling time across the four 280 years in NMDS (nonmetric multidimensional scaling) ordination ( Supplementary Fig. 1b ). 281
Evidence from other populations suggests that our measurements reflect long-term 282 differences in guild structure because abundance measures of Nicrophorus are robust over 283 time, even when there are marked change in woodland management 40 . 284
285
Burying beetle husbandry in the lab 286
After removing any phoretic mites, beetles were retained and kept individually in plastic 287 boxes (12cm x 8cm x 2cm), which were filled with moist soil in a laboratory kept at 20°C 288 and on a 16:8 light to dark cycle. Beetles were fed twice a week with minced beef. We kept 289 all field-caught individuals for at least two weeks before breeding to ensure that they were 290 sexually mature and to reduce any variation in nutritional status. We then maintained stock 291 Nicrophorus spp. body size frequency distribution revealed similar patterns found in 304 differences of mean body size ( Fig. 1 and Supplementary Table 5 ). 305
Mark-recapture experiment 307
In 2014, we investigated the interconnectivity of populations of burying beetles between 308 Gamlingay and Waresley Woods using a mark-recapture survey. In total, 98 N. vespilloides, 309 9 N. humator, 17 N. interruptus, 9 N. investigator, and 2 N. vespillo were marked for 310 Gamlingay Wood, whereas 113 N. vespilloides, 5 N. humator, 1 N. interruptus, 1 N.  311 investigator were marked for Waresley Wood. Beetles were marked with a numbered plastic 312 bee tag on either the right or left elytra for those found in Gamlingay or Waresley Woods 313 respectively. To identify any previously caught beetles that lost their tags, we permanently 314 marked them by cutting a small portion of the elytra (less than 2%). All marked beetles from 315 each wood were released from a designated location at the geographic midpoint with the 316 minimum total distance to all trapping sites for Gamlingay (Latitude: 52.16294°; Longitude: 317 −0.18984°) and Waresley Woods (Latitude: 52.176508°; Longitude: −0.156776°). We found 318 no evidence of migration between the two sites. We recaught 8 of 98 marked N. vespilloides 319 from Gamlingay Wood in Gamlingay Wood and 8 out of 113 marked N. vespilloides from 320
Waresley Wood in Waresley Wood. None of the other marked Nicrophorus spp. was 321 recaptured in either wood. 322 323
Small mammal trapping 324
To assess the rodent carrion available for Nicrophorus spp. reproduction, we sampled the 325 small mammal communities in the two woodlands. In general, rodent populations peak in the 326 autumn, because breeding for the year has just ceased and there has yet to be any winter-327 induced mortality 42 . Sampling at this time is therefore ideal for detecting which species are 328 present and for determining their relative abundance. We placed Longworth traps in both 329 woodlands in November 2016. Traps were baited with oats and blowfly maggots (with hay 330 provided as bedding) and set in pairs within 20 m of each original beetle trapping site 331 ( Supplementary Fig. 1a ), with 10 traps set per wood. We continuously trapped rodents for 332 three days, generating 50 trap sessions per woodland. Traps were checked daily at 333 approximately 0830 and 1500 (generating a total of 30 trap sessions overnight and 20 trap 334 sessions in daylight hours). Trapped mammals were identified, weighed, sexed, marked by a 335 fur clip on either the right or left rear flank, and released in situ. Any recaptured mammal was 336 recorded in subsequent censuses. All traps were reset and rebaited immediately after 337 checking. In addition to the results reported in the main text, one yellow-necked mouse 338 (Apodemus flavicollis; range: 14-45 g) and one common shrew (Sorex araneus; range: 5-14 339 g) were caught in Waresley. We have no reason to think that the mortality of these rodent species should differ between woodlands that are in such close proximity and that are 341 subjected to similar levels of ecological management. 342 343
Division of the carrion niche by Nicrophorus beetles in Gamlingay and Waresley Woods 344
During the field seasons in 2017 and 2018, pairs of wild-caught N. vespilloides, N. 345 interruptus, and N. investigator were bred on either small (12-20 g; 16.80 ± 0.55 g) or large 346 carcasses (25-31 g; 28.27 ± 0.53 g) within a breeding box (17 x 12 x 6 cm) filled with 2 cm 347 of moist soil. All field-caught beetles were kept for two weeks in the laboratory and fed twice 348 a week prior to breeding. In total, we established eight treatments: large (n = 47) and small (n 349 = 48) carcasses for Gamlingay N. vespilloides; large (n = 42) and small (n = 33) carcasses for 350 Waresley N. vespilloides; large (n = 25) and small (n = 18) carcasses for N. interruptus; large 351 (n = 9) and small (n = 13) carcasses for N. investigator. N. interruptus and N. investigator 352 were both drawn from Gamlingay Wood as the populations of these species in Waresley were 353 too small to be used experimentally. 354
Approximately eight days after parents are given a carcass to breed on, larvae switch 355 from aggregating on the carcass to dispersing away into the soil to pupate. When one or more 356 larvae from each brood switched their behaviour in this way, we scored the whole brood as 357 having reached the dispersal stage. At this point, all larvae were counted and total brood mass 358 was weighed to the nearest 0.001 g. We also calculated average larval mass for each brood by 359 dividing total brood mass by number of larvae. 360
In addition to the results reported in the main text, we found that Gamlingay N. 361 vespilloides was less efficient on larger carcasses than both N. interruptus (t = -3.92, p < 362 0.001) and N. investigator (t = -2.69, p = 0.038). 363 364
Niche expansion in N. vespilloides by genetic accommodation 365
This experiment was conducted in the laboratory, over two blocks in 2017, using the second 366 and third descendant generations of field-caught beetles from Gamlingay and Waresley 367
Woods. By rearing beetles from both woodlands in the lab in a common garden environment 368 for at least one generation prior to testing, we minimized any residual environmental effects 369 when quantifying the reaction norm for each population. To pair beetles for reproduction, we 370 began by haphazardly casting broods into dyads when larvae had matured into adults. Within 371 each dyad, we haphazardly chose four males from one brood, and paired them with four 372 haphazardly chosen females from the second brood. Two of these pairs were then given a 373 small mouse to breed upon (12-17 g; 15.03 ± 0.67 g), while the remaining two pairs were given a large mouse to breed upon (26-31 g; 28.86 ± 0.67 g). By using sibships to generate 375 pairs in this way, we were able to compare how very similar genotypes responded to the 376 opportunity to breed on either a small or large mouse. Each pair, and their mouse, was housed 377 in a clear plastic box (17 x 12 x 6 cm), with 2 cm depth of Miracle-Gro compost. The box 378 was placed in a dark cupboard for eight days after pairing the beetles, until larvae started to 379 disperse away from the carcass. In the second block of the experiment, we measured clutch 380 size. Fifty-six hours after we introduced the beetles to the carcass, we photographed the base 381 of each transparent breeding box. Using Digimizer ver. 5.1.0, we then counted the number of 382 visible eggs, and also measured the length (L) and width (w) of all eggs that were able to be 383 measured accurately (i.e. those that were fully visible and lying flat on the base of the box). 384
All counting and measuring of eggs was performed blind to the carcass size treatment and the 385 population from whence the breeding beetles came. Egg volume was then calculated using 386 the formula V=1/6 *π*w 2 *L, which assumes eggs to be a prolate spheroid (following ref. 43 ). 387
In both blocks, we also measured the number of larvae present at dispersal and weighed the 388 whole brood. 389 390
Clutch size 391
In total, 2518 eggs were counted across 132 breeding boxes, of which 1633 could be 392 measured. No eggs could be seen in four of these boxes, and these were excluded from 393 further analysis (hence n = 128). The total number of eggs counted (observed clutch size), 394 and the number of eggs which could accurately be measured, each correlated positively with 395 brood size (number of eggs counted: χ² = 27.18, d.f. = 1, p < 0.001; number of eggs 396 measured: χ² = 24.26, d.f. = 1, p < 0.001), indicating these are accurate estimates of true 397 clutch size. The total volume of all eggs in a clutch did not differ between populations (χ² = 398 2.16, d.f. = 1, p = 0.141; Supplementary Table 4 ) or carcass size treatments (χ² = 2.38, d.f. = 399 1, p = 0.123; Supplementary Table 4 ). 400 401
Brood size 402
We found that when given a larger carcass for reproduction, N. vespilloides from Gamlingay 403 Wood produced only a marginally larger brood than when breeding on a small carcass (z = 404 1.82, p = 0.068). By contrast, Waresley N. vespilloides produced significantly larger broods 405 on larger carcasses than on smaller carcasses (z = 5.53, p < 0.001). Whether they bred on 406 small or large carcasses, the variance was similar for Gamlingay and Waresley N. 407 vespilloides in both brood size (Bartlett's test, p = 0.615) and carcass use efficiency 408 (Bartlett's test, p = 0.943). 409 410
Offspring size 411
Females produced heavier larvae at dispersal when breeding on a large carcass than on a 412 small carcass (χ² = 139.05, d.f. = 1, p < 0.001; Supplementary Table 4 ), irrespective of their 413 woodland of origin (χ² = 1.06, d.f. = 1, p = 0.304; Supplementary Table 4 ). We could find no 414 difference in the size of adult N. vespilloides trapped in Gamlingay and Waresley Woods, (χ² 415 = 2.02, d.f. = 1, p = 0.156; Supplementary Fig. 3a) , even after controlling for sex (χ² = 1.41, 416 d.f. = 1, p = 0.235). We could not detect any differences in body size distribution between 417 Gamlingay and Waresley N. vespilloides (D = 0.044, p = 0.410; Supplementary Fig. 3b ). 418 Thus, given an abundance of resources for reproduction, N. vespilloides allocates them to 419 producing more offspring rather than larger offspring. 420 421
Divergence at loci associated with oogenesis in N. vespilloides from Gamlingay v. Waresley 422
Woods 423
We generated low-coverage whole genome sequences for three populations of N. We used VCFtools to calculate population genetic statistics for each population. To examine 443 population structure, we generated a thinned VCF file with one SNP per 5kb and used Tassel 444 (version 5) 46 Among the few loci that diverged between the populations, the top window of 461 divergence between the two populations fell in transmembrane protein 214 (Fst = 0.11, zFst 462 = 19.2, p = 7.2e-82), which is highly expressed in the ovaries in Drosophila melanogaster, 463 and is therefore a potential candidate gene influencing differences in N. vespilloides egg 464 laying behaviour between Gamlingay and Waresley Woods. 465 PBS analysis identified further candidate genes. We found that a different portion of 466 kek1 is moderately differentiated in N. vespilloides from Gamlingay Wood (Fig. 5a) , 467 suggesting that differentiation related to oogenesis is not limited to N. vespilloides from 468
Waresley Wood. One of the stronger signals of differentiation in Waresley Wood that may 469 contribute to the phenotypic differences observed between populations is found in a serotonin 470 receptor (Fig. 5b) . Serotonin has been linked to reproduction via effects on the production of 471 ecdysteroids such as juvenile hormone in multiple insects [48] [49] [50] . Serotonin has also been 472 related to the intensity of aggressive behaviour in contests across diverse insect groups 51-54 . 473
Consistent with the outlier analyses, oogenesis-related GO-terms tended to have higher 474 enrichment scores in N. vespilloides from Waresley Wood compared to Gamlingay Wood (Table 1) 
Competition for carrion in Gamlingay and Waresley Woods: field data 485
To test for a difference in the Nicrophorus guild between Gamlingay and Waresley Woods, a 486 frequency table of beetle communities was analysed using permutational multivariate 487 analysis of variance (PERMANOVA) on two-dimensional nonmetric multidimensional 488 scaling (NMDS) based on Bray-Curtis distances 57 , with the 'adonis' function (vegan 489 package). We tested the effect of study site on the composition of the beetle community, 490
using sampling year as strata. The analysis was based on 10000 permutations of the data. We 491 visualized the difference of beetle community between Gamlingay and Waresley population 492 in two dimensions of a NMDS plot. NMDS two-dimensional stress values (a measure of 493 goodness of fit) were below 0.1 (0.085), indicating the ordination provides a good fit to the 494 data 58 . 495
We used general linear mixed models (GLMM) with a Poisson error structure to test for 496 differences across beetle species and sites on average abundance for each species per trap. 497
Beetle species and population (Gamlingay/Waresley) were included as fixed effects, whereas 498 trap ID and sampling year were included as random factors. We also tested for differences in 499 the probability of co-occurrence (co-occurring = 1, non-co-occurring = 0) between N. 500
vespilloides and at least one other Nicrophorus spp. across sites using a binomial GLMM. 501
Population was included as a fixed effect and year as a random effect. 502
We compare the distributions of body size between Gamlingay and Waresley N. 503 vespilloides, and among Nicrophorus spp., using the Kolmogorov-Smirnov (K-S) two-sample 504 test, which tests whether the cumulative distributions of two data sets are derived from the 505 same distribution. We also tested for significant differences in mean body size between N. 506 vespilloides in Gamlingay and Waresley, using a GLMM that included population 507 (Gamlingay/Waresley) and sex (male/female) as fixed effects, and sampling year as a random 508 factor. Differences of mean body size among Nicrophorus spp. was assessed in a GLMM that 509 included species and sex as fixed effects, and sampling year as a random factor. 510
We analysed the body mass of rodents in Gamlingay and Waresley using a GLM by 511 including rodent species and population (Gamlingay/Waresley) as fixed effects. 512 513
Division of the carrion niche by Nicrophorus beetles in Gamlingay and Waresley Woods 514
To test for differences in reproductive performance between species, we conducted a GLMM 515 regression to analyse differences in efficiency (total brood mass divided by carcass mass), 516 which was logit transformed prior to analysis. Beetle species, carcass size (small/large), and 517 their interaction were included as explanatory variables. Sampling year was included as a 518 random factor. In this analysis, we included beetle species as N. interruptus, N. investigator, 519
Gamlingay N. vespilloides and Waresley N. vespilloides to fully compare differences not only 520 between Nicrophorus beetle species, but also N. vespilloides between populations. 521 522
Niche expansion in N. vespilloides by genetic accommodation 523
For the reaction norm experiment, we used GLMMs to test the interacting effect of 524 population and carcass size on brood size and average larval mass, with dyad identity nested 525 within block included as a random factor. In all models, brood size and average larval mass 526 were analysed with a Poisson and Gaussian error distribution, respectively. A similar 527 statistical approach was used for analyses of clutch traits to test for the significant differences 528 on clutch size and average egg volume in GLMMs with a Poisson and Gaussian error 529 distribution, respectively. The effect of population of origin, carcass size, and their 530 interaction were included as fixed effects, whereas dyad identity was included as a random 531 factor. If a significant interaction was found, a Tukey's post-hoc test was performed to detect 532 significant effects using multiple pairwise comparisons. 533 534 Acknowledgements 535
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